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QXPHURXV WHFKQRORJLHV KDYH EHHQ GHYHORSHG RYHU WKLV SHULRG LQ RUGHU WRPLQLPL]H WKH QHJDWLYH HIIHFW RI SRZHU
JHQHUDWLRQWRWKHHQYLURQPHQWWKDWLVDVVRFLDWHGHJZLWKWKHLQFUHDVHRIDYHUDJHWHPSHUDWXUHRQ(DUWK,QRUGHUWR
VWRS WKH JUHHQKRXVH HIIHFW EURXJKW DERXWPDLQO\ E\ LQFUHDVHG FRQFHQWUDWLRQRI FDUERQGLR[LGH LQ WKH DWPRVSKHUH
VHYHUDO DWWHPSWV DUH SODQQHG WR EH XQGHUWDNHQ WR FRQWURO DQG GHFUHDVH WKH HPLVVLRQ RI &2 HVSHFLDOO\ IURP WKH
SURFHVVHV RI IRVVLO IXHO FRPEXVWLRQ+RZHYHU LW LV GLIILFXOW WR UHPRYH HIIHFWLYHO\ WKH FDUERQ GLR[LGH IURP WKRVH







RI QLWURJHQ IURP DLU ZKLFK PRGHUDWHV FRPEXVWLRQ WHPSHUDWXUH 2[\IXHO FRPEXVWLRQ UHTXLUHV UHGHVLJQ RI WKH






PDQ\ FLUFXODWLRQ ERLOHUV DQG RIIHUV RSSRUWXQLWLHV IRU FRPEXVWLRQ VLPLODU WR FRQYHQWLRQDO FRPEXVWLRQ LQ DLU
+RZHYHU VLQFH WKH GHYHORSPHQW RI WKLV FRPEXVWLRQ WHFKQRORJ\PDQ\ UHVHDUFKHUV KDYH DQDO\VHG WKH SUREOHPRI






OD\HU DW WKH UHTXLUHG OHYHO $ QXPEHU RI WHFKQLFDO SUREOHPV FRQQHFWHG ZLWK UHFLUFXODWLRQ RI VXEVWDQWLDO IOX[
UHDFKLQJNJVDQGRUJDQL]DWLRQDQGPDLQWDLQLQJIOXLGL]DWLRQXQGHUWKHVHFRQGLWLRQVDUHDOVRWREHVROYHG,W
LVQHFHVVDU\ WRHQVXUH LQ WKLVFDVH WKH UHFLUFXODWLRQRI IOXHJDVZKLFKKDV WREHGU\DQGVXEVWDQWLDOO\ZLWKRXWDVK
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FRQWHQW LQ RUGHU WR IORZ WKURXJK EORZHUVZLWK HOHYDWHG SUHVVXUH UDWLRV QHFHVVDU\ IRU WUDQVSRUW RI WKLV VXEVWDQWLDO
PDVVRILQHUWPDWHULDOWKDWFDXVHVHURVLRQRIKHDWHGVXUIDFHVZKLFKLVGLIILFXOWWREHFRQWUROOHGLQVWDQGDUGFLUFXODWLRQ
ERLOHUV
7KH FRQFHSW RI EXUQHUV WKDW RSHUDWH LQ VXSHU DQG VXEVWRLFKLRPHWULF FRQGLWLRQVKDVEHHQGLVFXVVHG LQ >@ ,W
DOORZVIRUUHGXFWLRQLQWKHOHYHORIIOXHJDVUHFLUFXODWLRQXSWR7KLVOLPLWVWHFKQLFDOSUREOHPVFRQQHFWHGZLWK
UHFLUFXODWLRQRI D VXEVWDQWLDOPDVVRI IOXHJDVDQG WKURXJK WKHFKDQJH LQDLUIXHO UDWLRKHOSVFRQWURO FRPEXVWLRQ
WHPSHUDWXUH $QRWKHU YDULDQW DQRWKHU JHQHUDWLRQ RI R[\IXHO FRPEXVWLRQ LV D V\VWHP WHUPHG K\GUR[\ ± IXHO
FRPEXVWLRQZLWKRXW IOXH JDV UHFLUFXODWLRQ:DWHURUZDWHU VWHDP LV XVHG DV D WHPSHUDWXUHPRGHUDWRU GXULQJ IXHO







+LJKHU VSHFLILF KHDW RI WKH PL[WXUH 2&2 GHOD\V KHDWLQJ WKH PL[WXUH RI FRDO GXVW DQG JDV ZKLFK DIIHFWV
SURFHVVHV RI GHYRODWLOL]DWLRQ LJQLWLRQ DQG FRPEXVWLRQ 7KLV LV VXSSRUWHG E\ WKH VWXGLHV >@ ZKLFK
GHPRQVWUDWHGWKDWWKHXVHRIR[\JHQULFKDLUDVDQR[LGDQWDOORZVIRUDVWHDG\FRPEXVWLRQZLWKFRQFHQWUDWLRQRI
2ZKHUHDVLQWKHPL[WXUHRI2&2LWFDQEHUHDFKHGRQO\DWWKHFRQFHQWUDWLRQRIFD2)XUWKHUPRUHLWZDV
IRXQG WKDW WKH IODPH FRPEXVWLRQ IURQW LQ WKH PL[WXUH 2&2 LV QRW DOZD\V ORFDWHG DW WKH EXUQHU RXWOHW DQG
IOXFWXDWHVEHWZHHQVWHDG\DQGXQVWHDG\VWDWHV7KHFDXVHRIVXFKDEHKDYLRXULVFKDQJHVLQYROXPHRIJDVFDXVHGE\
HQGRWKHUPLF JDVLILFDWLRQ %RXGRXUG





WKH OLPLWDWLRQRI WKHVWUHDPRI IOXHJDV WKDW IORZV WKURXJK WKHFRPEXVWLRQFKDPEHU LVDLPHGDWDQ LQFUHDVH LQ WKH
TXRWLHQWRIUHFLUFXODWHGIOXHJDVIRUPL[WXUHDWWKHLQOHW
,QIOXHQFHRI&2FRQFHQWUDWLRQ
$QDO\VLV RI FRPEXVWLRQ RI VROLG IXHO JUDLQV UHYHDOV WKDW WKH VXEVWDQWLDOO\ KLJKHU WKHUPDO FDSDFLW\ RI &2
FRPSDUHGWRQLWURJHQVORZVGRZQWKHUHDFWLRQRIFRDOFRPEXVWLRQIRUWKHVDPHR[\JHQFRQFHQWUDWLRQ,QOLJKWRIWKH
DERYH IDFW FDOFXODWLRQV RI WKH FRPEXVWLRQ UDWH GLVFXVVHG LQ WKH VWXG\ >@ UHYHDOHG WKDW FRPSDUHG WR WKH
FRQYHQWLRQDOFRPEXVWLRQLQDLUXVXDOO\XSWR&2LQIOXHJDVFRPEXVWLRQUDWHXQGHUFRQGLWLRQVRIR[\IXHO




)OXH JDV UHFLUFXODWLRQ ZKLFK LV RI NH\ LPSRUWDQFH IURP WKH VWDQGSRLQW RI FRQWURO RI R[\IXHO FRPEXVWLRQ
VWDELOL]DWLRQVKRXOGDOVRSRVLWLYHO\DIIHFW WKHUHGXFWLRQLQ62HPLVVLRQVWKURXJKDSSOLFDWLRQRIDUHODWLYHO\FKHDS
GU\PHWKRGRI GHVXOSKXUL]DWLRQ$ VXEVWDQWLDO LQFUHDVH LQ FRQFHQWUDWLRQ RI VXOSKXU FRPSRXQGV LQ IOXH JDV LQ WKH
FRPEXVWLRQFKDPEHUFDXVHGE\WKHUHFLUFXODWLRQUHSUHVHQWVWKHEDVLFIDFWRUWKDWMXVWLILHVWKHDERYHWKHVLV$OWKRXJK
LW LV FODLPHG WKDW WKH SURFHVV RI GLUHFW FDOFLXP VRUEHQW VXOIDWLRQ XQGHU FRQGLWLRQV RI HOHYDWHG &2 KDV GLIIHUHQW
SURILOHWKDQFRQYHQWLRQDOFRPEXVWLRQGXHWRLQKLELWLRQRIFDOFLXPFDUERQDWHFDOFLQDWLRQDWDVSHFLILFFRQFHQWUDWLRQ
RI&2>@SUHYLRXVH[DPLQDWLRQV LQ WKLVDUHDZHUH OLPLWHGRQO\ WRD ORZFRQFHQWUDWLRQRI62 LQ IOXHJDV$
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VWXG\ E\2ODV >@ DQG ILQGLQJV FRQWDLQHG LQ >@ VKHG QHZ OLJKW RQ WKH SUREOHPV RI FDOFLQDWLRQ SURFHVV DQG WKH
FDWDO\WLFHIIHFWRIVSHFLILFFRPSRQHQWVRIVRUEHQWVHVSHFLDOO\/L&2DQG1D&2RQJHQHUDOSURFHVVHVRIGLUHFW
ELQGLQJ RI VXOSKXU E\ FDOFLXP VRUEHQWV 7KH SUREOHPV RI GLUHFW DQG VLPXOWDQHRXV FDOFLQDWLRQ DQG VXOIDWLRQ RI
FDOFLXPVRUEHQWVXQGHUFRQGLWLRQVVLPLODUWRWKRVHH[SHFWHGGXULQJR[\IXHOFRPEXVWLRQZHUHGLVFXVVHGLQWKHVWXG\
>@ 7KHPDLQ ILQGLQJV RI WKH DERYH VWXG\ DUH WKDW  WKH LQFUHDVH LQ&2 FRQFHQWUDWLRQ LQ IOXH JDV WR WKH OHYHO
H[FHHGLQJ  GRHV QRW HOLPLQDWH WKH SURFHVV RI FDOFLQDWLRQ HVSHFLDOO\ LQ WKH FDVH RI WLQ\ VRUEHQWV  KLJK
FRQFHQWUDWLRQ RI &2 SURPRWHV GLUHFW VXOIDWLRQ RI &D&2 HVSHFLDOO\ LQ WKH FDVH RI WLQ\ VRUEHQWV DQG ORZ 62
FRQFHQWUDWLRQ DQG  GU\ PHWKRGV RI GHVXOSKXUL]DWLRQ XQGHU PD\ DOVR EH SUDFWLFDOO\ DSSOLHG IRU R[\IXHO
FRPEXVWLRQWHFKQRORJLHV6LPLODUREVHUYDWLRQVZHUHDOVRSUHVHQWHGLQDUHYLHZVWXG\>@
12[HPLVVLRQ
3UHYLRXV VWXGLHV >@ KDYH GHPRQVWUDWHG WKDW IXHO QLWURJHQ FRQYHUVLRQ WR 12 LQ FRQGLWLRQV RI R[\IXHO
FRPEXVWLRQ LV GHOD\HG LQ WLPH DQG OLPLWHG FRPSDUHG WR12HPLVVLRQGXULQJ FRPEXVWLRQRI WKH VDPH IXHO LQ DLU
$SSOLFDWLRQRIIOXHJDVUHFLUFXODWLRQDOVRDOORZVIRUUHGXFWLRQRI12HPLVVLRQVE\DWOHDVWWR
6HSDUDWLRQRIQLWURJHQFRQWDLQHGLQIXHOEHWZHHQYRODWLOHPDWWHUDQGFDUERQUHVLGXHGXULQJGHYRODWLOL]DWLRQDQGD
W\SH RI YRODWLOH PDWWHU LV SRWHQWLDOO\ LPSRUWDQW IRU JHQHUDWLRQ RI 12[ &RQWULEXWLRQ RI QLWURJHQ UHOHDVHG GXULQJ
GHYRODWLOL]DWLRQZLWKYRODWLOHPDWWHUGHSHQGVRQDW\SHRIIXHOWHPSHUDWXUHDQGWLPHWKHIXHOUHPDLQVLQWKHIXUQDFH
7KLVFRQWULEXWLRQLQFUHDVHVZLWKR[\JHQFRQWHQW LQ WKHLQLWLDOFDUERQZKLFKPHDQVWKDW WKHIUHVKHU WKHFDUERQWKH
JUHDWHUSDUWRIQLWURJHQFRQWDLQHGLQYRODWLOHPDWWHU$WORZHUWHPSHUDWXUHVDQGVKRUWHUWLPHVWKHIXHOUHPDLQVLQWKH
IXUQDFHQLWURJHQLVPDLQO\UHWDLQHGLQDFDUERQUHVLGXHZKHUHDVDWKLJKHUWHPSHUDWXUHQLWURJHQLVUHOHDVHGIURPWKH
UHVLGXH )RU FRDO WKH UHOHDVH RI YRODWLOH PDWWHU WKDW FRQWDLQV QLWURJHQ RFFXUV WRR ODWH LH GXULQJ VHFRQGDU\
GHYRODWLOL]DWLRQ7KHWLPHGHOD\GHSHQGVRQWKHW\SHRIIXHODQGLQFUHDVHVZLWKWKHOLIHRIWKHIXHO$FFRUGLQJO\LQ





















WKH OLTXLG IRUP LV VXSSOLHG IURP WKH ORZHU SDUW RI SUHFRPEXVWLRQ FKDPEHU DQG JUDQXODWHG DV DQ HIIHFW RI IDVW
FRROLQJLQWKHVODJWDQN




7KH FRQFHSW RI D QHZPHWKRG RI RUJDQL]DWLRQ RI R[\IXHO FRPEXVWLRQ XQGHU FRQGLWLRQV RI HGG\ IORZ LQ WKH
F\FORQHSUHFRPEXVWLRQFKDPEHULVEDVHGRQXWLOL]DWLRQRIWKHUHODWLRQVKLSRIDGLDEDWLFFRPEXVWLRQWHPSHUDWXUHRQ
DLUIXHO UDWLR Ȝ2 DW YDULRXV UHFLUFXODWLRQ UDWHV LOOXVWUDWHG LQ )LJ  7KLV UHODWLRQVKLS SUHVHQWV WKH UHVXOWV RI
WKHRUHWLFDOFDOFXODWLRQVFDUULHGRXWIRUKDUGFRDODVVXPLQJWKHVDPHWHPSHUDWXUHRIR[\JHQDQGUHFLUFXODWHGIOXHJDV





UHFLUFXODWLRQ RI IOXH JDV JHQHUDWHG IURP FRPEXVWLRQ RI FRDO 7KH VHFRQG YDULDQW SURSRVHG LQ WKLV VWXG\ LV WR
VHSDUDWH WKH F\FORQH FKDPEHU LQWR WZR SDUWV SUHVHQWHG VFKHPDWLFDOO\ LQ )LJ D LQ RUGHU WR PDLQWDLQ
VXEVWRLFKLRPHWULFFRQGLWLRQVOHIWSRLQW)LJFKDPEHU3&)LJEDQGKLJKR[\JHQH[FHVVULJKWSRLQW)LJ
  FKDPEHU3& )LJ E(IIHFWLYH DQG SXUH R[\IXHO FRPEXVWLRQ LQ WKH SURSRVHGGHVLJQRI F\FORQH IXUQDFH
UHTXLUHVJUDGXDWLRQRIR[\JHQVXSSO\VHSDUDWLRQRIFRPEXVWLRQRIFDUERQUHVLGXH)&DQGYRODWLOHPDWWHU90RI
WKHIXHODQGXWLOL]DWLRQRIIOXHJDVUHFLUFXODWLRQIRUIXHOGU\LQJ7KHGLYLVLRQRIHGG\FRPEXVWLRQFKDPEHULQWRWZR
SDUWVZLWK DHURG\QDPLFDOO\ DQG VWUXFWXUDOO\ DGMXVWDEOH IORZ RI JDV IXHO JUDLQV DQG FDUERQ UHVLGXH EHWZHHQ HDFK
RWKHULVH[SHFWHG
)LJESUHVHQWVDGHVLJQRIDQ LQWHJUDWHGF\FORQHIXUQDFHFRDOPLOOVDQGFRPEXVWLRQFKDPEHUDQG WKHVHFRQG
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DQG VSHFLILF DLUIXHO UDWLR7KH UHVXOWV SUHVHQWHG DERYHGHPRQVWUDWH WKDW IOXH JDV UHFLUFXODWLRQKDV OLWWOH HIIHFW RQ






F K R $LUIXHOUDWLRȜ2 
%DODQFHRI3&FKDPEHU
$NH\UROHLQVWDELOL]DWLRQRIWKHFRPEXVWLRQSURFHVVLQWKHIXUQDFHSURSRVHGLQWKLVVWXG\LVSOD\HGE\LWVSDUW
3& )LJV DE )ROORZLQJ WKH SUHYLRXV GHVFULSWLRQ FDUERQ UHVLGXH ZLOO EH EXUQHG LQ WKLV SDUW RI WKH SUH
FRPEXVWLRQFKDPEHUZLWKWKHUHVLGXHWUDQVSRUWHGJUDYLWDWLRQDOO\IURPWKHPHGLXPSDUW3&VHH)LJE7KURXJK
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ZKHQUHDFKLQJ WKHQHFN WKDWVHSDUDWHVERWKSDUWVRI WKH IXUQDFH)LJD)ORZLQJ WR WKHQHFN IXHOJUDLQIDFHDQ




JUDLQV DUH OLJKWHG YHU\ IDVW 6LQFH R[\JHQ LV VXSSOLHG WR WKLV SDUW RI IXUQDFH FRPEXVWLRQZLOO RFFXU LQWHQVLYHO\
UHOHDVLQJVXEVWDQWLDODPRXQWVRIKHDW WKDWDUHVXIILFLHQWQRWRQO\IRUPDLQWHQDQFHRIKLJKWHPSHUDWXUHEXWDOVRIRU
PHOWLQJ WKH DVKZKLFK IORZV RQ WKHZDOOV WR WKH VODJ WDQN 6ODJ FRROLQJ KHDW WDNHQ RYHU E\ZDWHUZLOO FDXVH LWV
HYDSRUDWLRQDQGWKHVWUHDPRIJDVQ+2ZLOOEHGLUHFWHGWRWKHF\FORQHFKDPEHU
)LJ  SUHVHQWV WKH VROXWLRQ IRU D VLPSOH WKHUPDOIORZ DQDO\VLV DQG KHDW EDODQFH LQ WKH IRUP RI WKHRUHWLFDO
GHSHQGHQF\ RI FRPEXVWLRQ WHPSHUDWXUH RQ WKH GHJUHH RI UHDFWLRQ RI FDUERQ UHVLGXH [)&  REWDLQHG LQ >@ 7KH
UHODWLRQVKLS IRU WKH WZR VHOHFWHG YDOXHV Ȝ)& GHPRQVWUDWHV WKDW FRPEXVWLRQ LQ SXUH R[\JHQ LQ WKLV SDUW RI SUH
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